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Outline
3Shorter λs are better 
to pump colour 
converting materials*
high quality white light**
Visible Light Communications (VLC)
*M. Park et al., J. Electroceram. 33 (2014) 
**Bai et al., Nat Commun 5 (2014) 
*** Ian Watson & C.J. Humphreys, MRS Bulletin, 33, 59 (2008)
Internal Quantum EfÞciency 
peaks at the UV/Violet 
wavelengths***
4Visible Light Communications (VLC)
Wavelength Division Multiplexing (WDM)
3-Gb/s with a single 450nm µLED
¥ Multi-wavelength system 
extends colour gamut 
¥ Data streams divided into 
discrete λs/µLED
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Towards 10-Gb/s WDM link
5< 100µm
200µm
200µm
µLEDs
Schematic of a ßip-chip µLED
‣ micrometer-sized pixels 
‣ Improved thermal management 
‣ High current densities > 1kA/cm2 
‣ High frequency response
Optoelectronics
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V-I-L Emission Spectra
¥ Optical power up to 1.4 & 2.5 mW (CW) 
¥ Optical power densities: 
‣ UV       =   42 W/cm2 
‣ Violet  = 201 W/cm2
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‣ Current densities > 1kA/cm2 
‣ Electrical Bandwidths > 100MHz
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8Data Transmission OOK
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9Data Transmission OOK
UV 370nm Violet 405nm On-Off-Keying (OOK)
Aggregated 910Mb/s with direct modulation
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Data Transmission OFDM
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‣ Orthogonal Frequency-Division Multiplexing (OFDM); 
is widely used in communications  (DSL, 4G, etcÉ) 
‣ Multiple-subcarrier modulation scheme 
‣ Amplitude and phase 
‣ Total bandwidth is divided in frequency sub-bands 
‣ Carrier signals are orthogonal to each other 
‣ Quadrature amplitude modulation (QAM)** 
‣ High spectral efficiency*
4-QAM
*Tsonev et al., JLT, 2013 
**Armstrong, JLT, 27(3) 2009
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OFDM Ñ UV (370nm)
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} Vpp = 2V,  Ibias = 15 mA 
} Used bandwidth = 390 MHz 
} 4-QAM to 64-QAM 
} Data Rate = 1.41 Gb/s 
} BER = 2.46 x 10-3  
} After 7% overhead,                  
Data Rate = 1.31 Gb/s
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OFDM Ñ Violet (405nm)
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} Vpp = 3V,  Ibias = 25 mA 
} Used bandwidth = 770 MHz 
} 4-QAM to 256-QAM 
} Data Rate = 3.57 Gb/s 
} BER = 2.1 x 10-3  
} After 7% overhead,            
Data Rate = 3.32 Gb/s
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Results
‣ Optical power up to 1.4 & 2.5mW (CW) 
‣ Current densities above 1 kA/cm2 
‣ Electrical Bandwidths > 100MHz 
‣ Direct modulation: 910-Mb/s  (aggregated) 
‣ OFDM after Forward Error Correction (FEC) 
¥ UV: 1.31-Gb/s 
¥ Violet: 3.32 Gb-s 
¥ Aggregated: 4.63-Gb/s
14
Conclusion
‣ Shorter λs are more efficient to pump colour converters 
‣ µLEDs show fast response at 370nm & 405nm 
‣ Gb/s links with UV & Violet µLEDs are demonstrated 
✦ Record data rates for UV/Violet wavelengths 
‣ 370nm & 405nm join longer λs for WDM working 
towards to 10-Gb/s
http://up-vlc.photonics.ac.uk/
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